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1.0 INTRODUCTION

This third quarter (July through September) 2021 report, prepared for MarkWest Liberty Midstream & 
Resources, L.L.C. (Markwest) by Trinity Consultants (Trinity), summarizes the air toxics and 
meteorological data collected at the Harmon Creek Gas Processing Plant monitoring stations. Official 
data collection began at the Upwind station on November 21, 2019; Downwind Station#1 and 
Downwind Station #2 became operational on November 27 and November 19, 2019, respectively.
Although the air toxic analyzers were turned on at these times, the setup calibrations were not 
completed until closer to November 29, 2019; thus, ambient data prior to this date is not valid.

1.1 Background
Pursuant to a Consent Decree, Trinity was contracted by MarkWest to install, maintain, and operate a 
fence line monitoring system (FLMS), consisting of Upwind and Downwind monitoring stations, to 
measure propane, butane, pentane, hexane, benzene, toluene, ethylbenzene, xylene and all its 
isomers, total volatile organic compounds (VOCs) at MarkWest’s Harmon Creek Gas Processing Plant 
which is located near Joffre, Pennsylvania.  Two (2) Downwind air toxic stations and one (1) Upwind 
air toxic and meteorological monitoring station are being operated at the facility. A 10-meter 
meteorological tower provides continuous meteorological measurements of horizontal wind speed and 
wind direction, the standard deviation of horizontal wind direction (sigma theta), air temperature, 
relative humidity, and barometric pressure. 

MarkWest is engaged in natural gas gathering and processing operations in western Pennsylvania 
through the operation of gas fractionation plants where NGL hydrocarbon mixtures are separated by 
molecular compound. MarkWest is undertaking this program to quantify emissions from natural gas 
pig launchers and receivers at compressor stations to understand and reduce VOC emissions from 
these sources.

1.2 Monitoring Station Description
Consolidated Analytical Systems (CAS) AirmOzone Auto-Gas Chromatographs (GCs) are being 
operated at the Upwind and Downwind sites which provide continuous measurements of the following 
compounds: Ethane, Ethylene, Propane, Propene, Isobutane, N-butane, Acetylene, Trans-2-Butene, 
1-Butene, Cis-2-Butene, Cyclopentane, Isopentane, N-Pentane, 1,3-Butadiene, Trans-2-Pentene, 1-
Pentene, Cis-2-Pentene, 3-Methyl-Pentane, N-Hexane, Isoprene, 2,4-Dimethylpentane, 2,3-
Dimethylbutane, 2,2-Dimethylbutane, Methylcyclopentane, Benzene, Carbon Tetrachloride, 
Cyclohexane, 2-Methylhexane, 3-Methylhexane, 2,2,4 Trimethylpentane, N-Heptane, Methyl 
Cyclohexane, 2,3,4 Trimethylpentane, Toluene, 2-Methylheptane, 3-Methylheptane, N-Octane,  
Tetrachloroethene, Ethylbenzene, M & P-Xylenes, Styrene, O-xylene, N-nonane, Isopropylbenzene, A-
Pinene, N-Propylbenzene, M-Ethyltoluene, P-Ethyltoluene, 1,3,5-Trimethylbenzene, O-Ethyltoluene, B-
Pinene, 1,2,4-Trimethylbenzene, N-Decane, 1,2,3-Trimethylbenzene, M-Diethylbenzene, P-
diethylebenzene, N-Undecane, and N-Dodecane. 
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The air toxic and meteorological monitoring stations at the Harmon Creek Gas Processing Facility are 
located approximately 2.1 miles northeast of Joffre, Pennsylvania. The latitude/longitude coordinates 
of the upwind and downwind monitoring stations in WGS 84 are presented in Table 1-1.

Table 1-1 MarkWest’s Harmon Creek Monitoring Station Locations

Station ID Latitude Longitude
Air Toxics – Downwind #1 -
Air Toxics – Downwind #2 -

Air Toxics and Meteorological Tower – Upwind -

A Google Earth image presenting the locations of the Upwind and Downwind monitoring stations is 
provided in Figure 1.1. Photographs of the Downwind #1, Downwind #2, and Upwind monitoring 
stations with the meteorological tower are presented as Figures 1.2 through 1.4. A summary of the 
air toxic and meteorological equipment installed at the Harmon Creek monitoring stations is presented 
in Table 1-2.

Figure 1.1 Locations of MarkWest’s Harmon Creek Air Toxic and Meteorological 
Monitoring Stations
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Figure 1.2 Photograph of MarkWest’s Harmon Creek Downwind #1 Air Toxic Monitoring
Station

Figure 1.3 Photograph of MarkWest’s Harmon Creek Downwind #2 Air Toxic Monitoring 
Station
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Figure 1.4 Photograph of MarkWest’s Harmon Creek’s Upwind Air Toxics Station with 
Meteorological Tower

Table 1-2 Air Toxic and Meteorological Instrumentation at MarkWest’s Harmon Creek 
Monitoring Stations

Parameter Equipment Manufacturer Model 
Number

Serial Number

Downwind #1
Air Toxics AirmOzone AirmoVOC C2-C6

AirmOzone AirmoVOC C6-C12
A12000
A23022

56080919
26090919

Data Acquisition Campbell Scientific Inc. CR300 6596
Downwind #2

Air Toxics AirmOzone AirmoVOC C2-C6
AirmOzone AirmoVOC C6-C12

A12000
A23022

56521019
26551019

Data Acquisition Campbell Scientific Inc. CR300 6597
Upwind Air Toxic and Meteorological

Air Toxic AirmOzone AirmoVOC C2-C6
AirmOzone AirmoVOC C6-C12

A12000
A23022

56180919
26190919

Wind Direction RM Young 05305-5 171923
Wind Speed RM Young 05305-5 171923
Temperature E+E Elektronik EE181 190916000179FC
Relative Humidity E+E Elektronik EE181 190916000179FC
Barometric Pressure Vaisala PTB110 P4930777
Data Acquisition Campbell Scientific Inc. CR1000X 11572
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1.3 Data Acquisition
Data from the instruments listed in Table 1-2 are collected and stored by Campbell Scientific, Inc. 
Model CR300 or CR1000X loggers. The data loggers record meteorological and/or shelter temperature 
data. Meteorological data are sampled every second and recorded as five-minute averages on the 
data logger. The loggers at the monitoring sites are interrogated every five minutes via modem to 
download and process the data. Air toxic data are obtained from each instrument via FTP hourly. Data 
are copied to duplicate computer files and the data logger telecommunications software performs
dynamic error checking during download to ensure that an exact duplicate file is created. Any failures 
in instrumentation or data acquisition are identified within two days of occurrence so that field 
personnel can correct problems in a timely manner to prevent excessive data loss.

The data collected during each interrogation are checked for consistency and the parameters are 
plotted for visual inspection. The quality assurance stacked parameter/time plots for the months of 
July through September are presented in Appendix A. Data presented in Appendix A represent the 
final, quality assured data set.
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2.0 DATA SUMMARY

This section of the report summarizes the data results and data recovery for third quarter (July through 
September) 2021. Hourly data by month are tabulated in the appendices. These appendix tables 
display the hourly average of measurements recorded in the hour "ending"; that is, the first hour of 
the day is labeled 01, meaning the hour beginning at midnight and ending at 01:00:00 a.m. The 
second hour is labeled 02, meaning the values collected from 01:00:01 a.m. to 02:00:00 a.m. Air toxic 
concentrations that are presented in the appendices are the total concentration, by constituent, 
recorded for each hour. 

2.1 Upwind Station Air Toxics Data
The monthly averages and maximum hourly concentrations of the air toxic compounds being 
measured at the Upwind site are presented in Table 2-1 and in Appendix B. 
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MarkWest Liberty Midstream & Resources, L.L.C./ Third Quarter 2021 Air Toxics and Meteorological Data Report –
Harmon Creek
Trinity Consultants 2-5

2.2 Downwind Stations #1 and #2 Air Toxics Data
The monthly averages and maximum hourly concentrations of the air toxic compounds being 
measured at the Downwind stations #1 and #2 are presented in Tables 2-2 and 2-3, and in Appendix 
B. 
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Table 2-5 Summary of Relative Humidity in Percent for July through September 2021

Month Monthly 
Mean

Maximum
Daily Mean

Minimum
Daily Mean

Maximum
Hour

Minimum
Hour

July 81 97 72 100 41
August 83 98 66 100 42

September 80 94 65 100 37

2.3.4 Barometric Pressure
Barometric pressure data for July through September are presented in Table 2-6 and in Appendix E.

Table 2-6 Barometric Pressure Data in Millibars (mb) for July through September 2021

Month Monthly
Mean

Maximum
Daily Mean

Minimum
Daily Mean

Maximum 
Hour

Minimum
Hour

July 976 981 972 982 970
August 977 981 970 983 968

September 976 981 968 983 963

2.4 Data Recovery 
Data recoveries in percent possible for third quarter 2021 and for the 23-month monitoring period for 
the air toxic monitoring stations are provided in Tables 2-7 and 2-8. Meteorological measurement data 
recovery for the third quarter and for the 22-month monitoring period is presented in Table 2-9.

Table 2-7 Data Recovery for Upwind Air Toxics Data for July through September 2021

Month C2-C6
Upwind

(%)

C6-C12
Upwind

(%)

THC
Upwind

(%)
July 78.4 78.4 78.4

August 94.1 94.1 94.1
September 94.9 94.9 94.9
3rd Quarter 89.1 89.1 89.1
23-Month 81.7 80.7 80.7
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Table 2-8 Data Recovery for Downwind #1 and #2 Air Toxics Data for July through 
September 2021

Month C2-C6
DW #1

(%)

C6-C12
DW #1

(%)

THC
DW #1

(%)

C2-C6
DW#2
(%)

C6-C12
DW#2

(%)

THC
DW#2
(%)

July 95.0 89.4 89.4 94.2 67.3 67.3
August 90.5 67.3 67.3 91.9 91.9 91.9

September 90.7 58.1 58.1 94.4 92.6 92.6
3rd Quarter 92.1 71.6 71.6 93.5 83.9 83.9
23-Month 86.5 83.7 83.3 88.1 86.9 86.8

Table 2-9 Meteorological Data Recovery for July through September 2021

Month Wind
Speed
(%)

Wind
Direction

(%)

Temp.
(%)

Relative 
Humidity

(%)

Barometric 
Pressure

(%)

July 100 100 100 100 100
August 99.7 99.7 99.7 99.7 100

September 100 100 100 100 100
3rd Quarter 99.9 99.9 99.9 99.9 100
22-Month 99.5 99.5 99.9 99.9 100
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3.0 QUALITY CONTROL

Air toxics and meteorological data collected at the Harmon Creek monitoring sites have been subjected to a 
series of quality control procedures to document the validity of the data and increase the integrity of the data 
sets. The quality control performed for these data is described in this section.

3.1 Visual Inspection of Equipment
Visual inspection of the CAS-GC’s, meteorological tower and sensors is performed monthly by the site 
technician who alerts Trinity when abnormal conditions are observed. Corrective action is determined based 
on the problem.

3.2 Remote Interrogation of the Monitoring Station
The data loggers at the monitoring sites are interrogated every five-minutes to download the meteorological 
and/or shelter temperature data. Air toxic data are gathered hourly via FTP. Abnormal data values or apparent 
problems are reported immediately to the program manager who initiates corrective action and determines if 
a special visit to the site is required.

3.3 Quality Control Data Inspections
Data review is conducted daily utilizing electronic and visual scanning to identify outliers and determine 
whether data are reasonable and representative. Data review includes evaluation of the raw data, daily 
internal calibration information, flow data, maintenance records, calibration, and audit data. Any abnormalities 
in the data are flagged and noted. 

Once data are downloaded via modem, they are subjected to a series of quality control checks by a software 
package. The software package performs extensive quality control checks of the data, generates a data 
summary report which lists means, maximums, minimums, time of occurrence, data values which fall outside 
of prescribed ranges, periods of constant values, and periods of rapid value changes. This software uses 
selected data flagging criteria. Example criteria that will cause a data flag in the air toxics and meteorological 
data include:

Time increments greater than one hour (Air Toxics) between data records,
Difference between upwind and downwind concentrations greater than 200 ppb,
Air toxic concentrations less than 0 ppb,
Operating temperature less than 15°C or greater than 30°C,
Wind speed is greater than 25 m/s for a 5-minute average,
Temperature change exceeds 4°C in a 5-minute period,
Ambient temperature exceeds 35°C or falls below -30°C,
Wind direction unchanged for 1 or more hours,
Horizontal wind speed unchanged for 1 or more hours,
Temperature unchanged for 1 or more hours,
Battery voltage is less than 11 volts,
Change in pressure more than 1 mb in 5 minutes,
Pressure is less than 950 or greater than 1020 mb, and,
Relative humidity less than 5% or greater than 100%.
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To aid in data review and validation, a password-protected project website is hosted which contains 24-hour 
air toxic and meteorological chart graphics, daily minimum, maximums, and averages, quality assurance 
reports and wind roses. Historical data can also be reviewed at this website. An example of the website’s 
graphics is presented in Figure 3.1. 

Figure 3.1 Example Air Toxics and Meteorological Parameter Graphic

3.4 Data Validation
When the QC program identifies values that exceed the criteria set for that parameter, the data file is inspected 
visually. In most cases, a flagged value is not invalid; it merely fell outside of expected ranges or "normal" 
rates of change for that parameter. If, after investigation, an air quality meteorologist determines that the 
value is reasonable, the value is not invalidated. If there is a reason to suspect the data point, the value is 
reset to "missing." (This is done on the data management file only, not on the raw data file collected from 
the data logger; the raw data file is never manipulated.)  

Invalid data parameters for July through September 2021 and corresponding times are presented in Appendix 
G.
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3.5 Summary of Facility Activities
Tables 3-1 and 3-2 present the shortfall data periods and known issues, during the third quarter, that led to 
air toxic data loss. 

Table 3-1 Upwind Station Shortfall Data Periods and Noted Issues During Third Quarter 2021

Date Time Date Time Total Hours Reason
07/02/2021 03:00 07/06/2021 11:00 129 Not able to log into GCs on July 1. Site 

technician contacted to check the power 
at the site. On July 2, nothing was found 
to be wrong. On July 6, site technician 
found GC’s computer was frozen. 
Computer was restarted and FIDs were 
re-ignited.

08/18/2021 10:00 08/18/2021 16:00 7 Performance audit
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Table 3-3 Downwind Station #2 Shortfall Data Periods and Noted Issues During Third quarter
2021

Date Time Date Time Total Hours Reason
07/01/2021 01:00 07/10/2021 01:00 217 GCs restarted on July 1. The C6-C12 didn’t 

ignite. Site personnel were contacted, but 
they were unable to manually ignite the 
C6-C12. New ignitors were ordered. On 
July 6, new ignitors were installed but FID 
failed to ignite.On July 9, the C6-C12 
ignited around 22:00. On July 12, the C2-
C6 was reporting in the wrong units. The 
system was restarted. A retention time 
adjustment was made on the C6-C12 GC.

08/18/2021 11:00 08/19/2021 12:00 26 Performance audit.
09/01/2021 17:00 09/02/2021 09:00 17 GCs crashed.

3.6 Equipment Calibration
The air toxic monitoring equipment performs daily internal analyzer self-calibrations; the meteorological 
sensor calibrations are performed at installation and every six months or when audits indicate the need or
when problems are identified. The calibration of the meteorological sensors was performed on May 4, 2021.
The GCs were calibrated at the Upwind, Downwind, and Downwind #2 stations on August 21, 2021. Copies 
of these calibrations are presented in Appendix H. Daily calibration check data for the GCs are presented in 
Appendix I.

3.7 Statistics for Assessment of Quality Control Checks 
Quality checks start with a comparison of a known value or calibration concentration to the 
concentration/value measured by the analyzer and use percent difference as the comparison statistic. The 
percent difference is calculated using the following formula: 
The percent difference, using equation 1 below, where Yi = concentration indicated by the analyzer and Xi =
the known concentration was calculated as follows:

d
Y X
X

xi
i i

i
100

The precision and bias estimates, for C2-C6 compounds of Butane, Hexane, Benzene, and for C6-C12

compounds of Hexane, Benzene, and Decane are based on the daily calibration checks. The precision 
estimator is the coefficient of variation upper bound and is calculated using the following equation: 

CV = n di
2n

i=1 - di
n
i=1

2

n(n-1) x n-1
x20.1, n-1

Where: x2 0.1 n-1 is the 10th percentile of a chi-squared distribution with n-1 degrees of freedom.
The bias estimate equation is calculated using the following equation: 
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|AB|=AB+t0.95, n-1
AS                                 

Where: n is the number of single point checks being aggregated; t0.95, n-1 is the 95th quantile of a 
t-distribution with n-1 degrees of freedom. 

The quantity AB is the mean of the absolute values of the d i’s and is calculated using the following equation:

AB = 1
n

|di|n
i=1

The standard deviation of the absolute value of the d i’s is calculated using the following equation:

    AS = 
n di

2 - |di|n
i=1

2n
i=1

n(n-1)         
The upper- and lower-95 percent probability limits are calculated using the following equations:

Upper 95 Percent Probability Limit = m + 1.96 S
Lower 95 Percent Probability Limit = m - 1.96 S

Where: m is the mean or average calculated from the total number of daily calibration checks for the interval 
being evaluated.

The mean percent difference, precision, and bias estimates limits for C2-C6 and for C6-C12 from the upwind 
and downwind monitoring stations for July through September 2021 are presented in Tables 3-4 through 3-
6.

Table 3-4 July through September 2021 Precision and Bias Statistics – Upwind Station

Statistics C2-C6 C6-C12
n-Butane n-Hexane n-Hexane Benzene n-Decane

Mean Percent Difference 3.18 -20.18 -3.52 -4.27 -8.13
Standard Deviation 1.67 2.70 1.18 1.11 1.37

Upper 95% Probability 6.45 -14.89 -1.22 -2.10 -5.44
Lower 95% Probability -0.09 -25.46 -5.83 -6.44 -10.81

CV 1.86 3.00 1.32 1.24 1.53
AB 3.18 20.18 3.52 4.27 8.13
AS 1.67 2.70 1.18 1.11 1.37

Bias Estimate 3.48 20.66 3.75 4.48 8.39
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Table 3-5 July through September 2021 Precision and Bias Statistics – Downwind #1 Station

Statistics C2-C6 C6-C12
n-Butane n-Hexane n-Hexane Benzene n-Decane

Mean Percent Difference 27.15 -12.01 -4.21 -2.98 -17.50
Standard Deviation 20.80 14.58 2.64 3.36 6.84

Upper 95% Probability 67.92 16.56 0.96 3.60 -4.11
Lower 95% Probability -13.62 -40.58 -9.39 -9.56 -30.90

CV 23.26 16.30 2.98 3.79 7.73
AB 32.84 12.14 4.47 3.92 17.50
AS 9.35 14.47 2.17 2.16 6.84

Bias Estimate 34.60 14.87 4.91 4.37 18.91

Table 3-6 July through September 2021 Precision and Bias Statistics – Downwind #2 Station

Statistics C2-C6 C6-C12
n-Butane n-Hexane n-Hexane Benzene n-Decane

Mean Percent Difference -1.08 -6.48 -2.32 -3.70 -2.73
Standard Deviation 3.50 3.16 5.97 5.94 6.35

Upper 95% Probability 5.78 -0.28 9.39 7.93 9.73
Lower 95% Probability -7.93 -12.67 -14.03 -15.34 -15.18

CV 3.87 3.50 6.66 6.62 7.08
AB 3.28 6.50 5.38 5.62 5.84
AS 1.59 3.12 3.43 4.14 3.65

Bias Estimate 3.56 7.04 6.01 6.38 6.52
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4.0 QUALITY ASSURANCE

To comply with EPA requirements, the monitoring network is required to undergo a performance audit each 
year. Audit reference standards are independent of those used for calibration checks.

Per the Quality Assurance Project Plan (QAPP) that was developed for this project, a performance audit needs 
to occur once per year. A performance audit of the Upwind and Downwind #2 stations air toxics monitoring 
equipment was performed on August 18, 2021; the air toxic monitoring equipment at the Downwind #1 
station was performed on August 19, 2021. The meteorological sensors were audited on August 18, 2021.
The results of these audits are provided in a separate report.
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APPENDIX A. STACKED PARAMETER PLOTS FOR JULY THROUGH 
SEPTEMBER 2021
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APPENDIX D. HOURLY TEMPERATURE DATA FOR JULY THROUGH 
SEPTEMBER 2021
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APPENDIX E. HOURLY RELATIVE HUMIDITY DATA FOR JULY THROUGH 
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APPENDIX G. INVALID DATA PERIODS FOR JULY THROUGH 
SEPTEMBER 2021















Meteorological Tower - Invalidation Code Description
AZ-Q C Audit

Parameter Start Date Start Time End Date End Time # of Hours Reason

Wind Speed, Direction, 
Gust, Temperature, 
Relative Humidity

08/18/2021 15:01 08/18/2021 16:00 2 AZ
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APPENDIX H. FIELD CALIBRATION DATA SHEETS FOR JULY THROUGH 
SEPTEMBER 2021
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APPENDIX I. CALIBRATION CHECK DATA FOR THIRD QUARTER 2021






























































